for the UMPIRE Collaborative Group IMPORTANCE Most patients with cardiovascular disease (CVD) do not take recommended medications long-term. The use of fixed-dose combinations (FDCs) improves adherence in several clinical areas. Previous trials of cardiovascular FDCs have assessed short-term effects compared with placebo or no treatment.
T he long-term use of cardiovascular disease (CVD) preventive therapy is low among people with established disease. 1 This shortfall is greatest in low-and middleincome countries, but even in high-income countries treatment coverage in the community is only about 50% in those with coronary disease and 35% in those with stroke. 1 People who are at similar risk but have not reached the clinical threshold of experiencing a CVD event are even less likely to be adequately treated. 2 Fixed-dose combination (FDC) therapy may reduce these treatment gaps by reducing cost, complexity, therapeutic inertia, and low adherence. However, FDCs could lead to suboptimal risk factor control as a result of reduced tailoring of individual medications, and concerns have been expressed that lifestyle measures could be neglected or medications not restarted if the FDC is stopped. The balance of these potential benefits and risks remains uncertain. Some trial data are available on antiplatelet, statin, and blood pressure (BP)-lowering FDCs, but these trials were mostly short-term and in populations with low to moderate CVD risk. [3] [4] [5] [6] [7] Despite recommendations, 8 no evidence has been generated on benefits or risks of an FDCbased strategy among individuals with established CVD, for whom there is no contention about the indications for use of all the medication components. 9 -1 1 This patient population was the first suggested 8, [12] [13] [14] for a treatment that has come to be known as the polypill. 12 In 2009, the European Commission called for research testing a treatment strategy "that combines existing safe and effective drugs for treating chronic diseases in a single daily pill," stipulating that "this fixed-dose-combination pill should be low-cost and suitable for production and widespread use in resource-poor countries" and that the work should "address two major challenges of effective secondary prevention and treatment of chronic diseases: adherence and access to treatment in developing countries." The UMPIRE (Use of a Multidrug Pill in Reducing Cardiovascular Events) trial was designed in response to this funding call.
Methods

Study Design and Conduct
The UMPIRE trial protocol has been previously described 15 and is available at www.spacecollaboration.org along with the protocols of related trials running in parallel. 16, 17 Ethics approval was granted by the relevant committees in each participating country.
We conducted a randomized, open-label, blinded-endpoint clinical trial of an FDC-based treatment strategy compared with usual care in participants with established CVD or an estimated 5-year CVD risk of 15% or greater in India and in 3 European countries (England, Ireland, and the Netherlands). Participants gave written informed consent and were randomly assigned to continuation with usual care or to an FDC-based treatment strategy with follow-up planned between 12 and 24 months. The primary objective was to assess whether provision of an FDC compared with usual medications improves adherence to indicated therapy and 2 major cardiovascular risk factors: systolic BP (SBP) and low-density lipoprotein cholesterol (LDL-C).
Participants
Men and women aged 18 years or older with high cardiovascular risk, defined as either established CVD (history of coronary heart disease, ischemic cerebrovascular disease, or peripheral vascular disease) or an estimated 5-year CVD risk of 15% or greater, 18 were eligible; the risk score included age, sex, SBP, ratio of total to high-density lipoprotein cholesterol (HDL-C), diabetes, smoking, and a 5% adjustment for people from the Indian subcontinent. There had to be clear indications with no contraindications for the components of at least 1 of 2 FDC formulations (see below). Individuals were excluded if alteration of medications was clinically inappropriate or the patient was considered unlikely to follow the trial procedures, including attending scheduled visits. Participants in Europe were recruited via research databases, hospital clinics, and general practice registries at 3 trial centers in London, England; Dublin, Ireland; and Utrecht, the Netherlands. Indian participants were recruited via hospital specialist clinics in 28 centers across the country.
Treatment and Randomization
Randomization to FDC or usual care was conducted in a 1:1 ratio and allocation was stratified by site and by the presence or absence of established CVD using a web-based clinical data management system (InForm; PhaseForward Inc). Participants randomized to usual care continued to be treated at the discretion of their usual physician. Participants randomized to the FDC strategy were prescribed 1 of 2 FDC formulations chosen by the trial physician: version 1 (aspirin, 75 mg; simvastatin, 40 mg; lisinopril, 10 mg; and atenolol, 50 mg) or version 2 (aspirin, 75 mg; simvastatin, 40 mg; lisinopril, 10 mg; and hydrochlorothiazide, 12.5 mg). The FDC was taken once daily, with timing suggested by the physician. Physicians could, at their discretion, add additional medications, stop the FDC and begin treatment with separate medications, or switch FDCs. Because of requirements of local ethics committees, participants in the FDC group were dispensed study FDC treatment from their trial center free of charge as 6-monthly supplies. Participants in the usual care group acquired their medications subject to local payments or exemptions and according to usual dispensing schedules (typically 3-monthly). Eligibility for exemption from prescription or medication charges was assessed at randomization.
Trial Procedures
The minimum planned follow-up time was 1 year. The endof-study visit for all participants was scheduled to take place about 12 months after the randomization of the last participant into the trial, and all participants were followed up for as long as possible within that interval, with a range of follow-up of 12 to 24 months. Participants attended clinic visits for randomization, at 12 months, and at the end of the study. Telephone or clinic visits were conducted at 1 month, 6 months, and 18 months (if applicable). Blood pressure and fasting lipid levels were measured at baseline, at 12 months, and at the end of the study. Blood pressure and heart rate measurements were made with electronic devices (Omron 705CP II) and paper printouts were logged. Fasting blood samples were analyzed by local laboratories. Self-reported adherence to all medications was recorded as the number of days medication was taken in the week prior to the visit (value between 0-7 days). During trial contacts, the research team asked about barriers to adherence, quality of life (measured using the self-administered EQ-5D questionnaire 19 ), cardiovascular and other serious adverse events, and reasons for stopping cardiovascular medications.
Outcomes
Primary outcomes included adherence to indicated medications (self-reported current use of antiplatelet, statin, and ≥2 BP-lowering therapies, defined as taking the medication for at least 4 days during the week preceding the visit) at baseline and at the end of the trial and changes in SBP and LDL-C from baseline to the end of the trial. Secondary outcomes included adherence at 12 months, reasons for stopping cardiovascular medications, quality of life, serious adverse events, and changes in total cholesterol, HDL-C, triglycerides, and creatinine from baseline to 12 months and end of study and cardiovascular events (including coronary heart disease, heart failure leading to death or hospital admission, and cerebrovascular or peripheral arterial disease events). 15 
Statistical Analysis
The sample size of 1000 participants in Europe and 1000 participants in India provided 90% power (α = .05) within each region (Europe and India) to detect absolute differences of 3 mm Hg in SBP, 7.7 mg/dL in LDL-C (to convert LDL-C to mmol/L, multiply by 0.0259), and 10 percentage points in rates of adherence to indicated medication (either as FDC or separate antiplatelet, statin, and ≥2 BP-lowering medicines) between the intervention and control groups at the end of the trial. The prespecified primary analysis was to evaluate the effects across both Europe and India combined, and the trial had 90% power overall to detect differences of 2.2 mm Hg in SBP, 4.7 mg/dL in LDL-C, and 8 percentage points in adherence. These estimates all assumed SDs of 14 mm Hg and 30.9 mg/dL in SBP and LDL-C, respectively, a 50% adherence rate in the usual care group, and up to 10% of patients having died or been lost to follow-up.
The primary analysis of mean differences in changes in SBP and LDL-C at the end of study between the FDC and usual care groups was conducted using analysis of covariance including the randomized treatment and either baseline SBP or baseline LDL-C. Relative risks (RRs) of self-reported adherence to indicated medications at the end of the study were calculated using log-binomial regression including randomized treatment. Adjusted analyses included randomized treatment, baseline value (either SBP, LDL-C, or baseline adherence) plus age, sex, country, and established disease as covariates.
Longitudinal analyses using generalized linear models with a compound-symmetry covariance structure were used as sensitivity analyses for the 3 primary end points. The models included all values collected during follow-up. Because the endof-study visit could happen at any time from month 12 onward, data collected at the end-of-study visit were reallocated to 1 of the possible scheduled visits (months 12, 18, or 24). Models included randomized treatment, visit, treatment × visit interaction, and for SBP and LDL-C, the corresponding baseline value. Region, baseline adherence to indicated medications, established CVD, age, sex, diabetes mellitus, smoking, and economic stratum were used to predefine subgroup analyses. For each subgroup, we repeated the primary analysis with the addition of the subgroup variable along with its interaction with treatment. Heterogeneity was assessed based on the significance of the interaction term. Continuous secondary end points including diastolic BP, HDL-C, total cholesterol, triglycerides, creatinine, quality-of-life scores, anthropometric measurements, and lifestyle factors were assessed using analysis of covariance. Differences in incidence of cardiovascular outcomes were analyzed using Cox models after checking the proportional hazard assumption.
All analyses were conducted on an intention-to-treat basis with no imputation of missing data. A 2-sided P<.05 was used to indicate statistical significance for all tests. Although formal adjustments for multiple tests were not made, findings are interpreted in light of the number of comparisons made and the level of significance of the result.
Results
Baseline Characteristics of Trial Participants and Trial Structure
A total of 2138 potential participants were screened, 134 were ineligible and 2004 were randomized (1000 in India and 1004 in Europe) between July 2010 and July 2011 (Figure 1) . Among the 1002 participants randomized to the FDC group, physicians started therapy with FDC version 1 for 589 (58.8%) and FDC version 2 for 413 (41.2%). Baseline characteristics of the FDC and usual care groups were similar ( Table 1) , with no major baseline imbalances. The majority of participants (n=1771 [88%]) were included on the basis of established CVD. Table 1 also describes the use of prerandomization antiplatelet, statin, and BP-lowering medications, showing that the entire group had a high level of adherence to the indicated medications (n=1233 [61.5%] at the outset). At baseline, reported use of antiplatelet therapy (n=1832 [91.4%]), statins (n=1760 [87.8%]), and BP-lowering therapy (n=1862 [92%]) was high, although levels were lower for those reporting 2 or more BP-lowering drugs 1371 (68.4%). The median duration of follow-up was 15 months (interquartile range, 12-18 months) for both groups, and follow-up concluded in July 2012. One hundred sixty-three participants missed at least 1 visit and of these, 68 came to a subsequent visit. At the end of the study, data on self-reported adherence, systolic BP, and LDL-C were available for 1921 (96%), 1849 (92%), and 1807 (90%) randomized participants, respectively ( Figure 1 ). Nine hundred sixty-six participants (48%) reported exemption from prescription or medication charges (Table 1) .
Overall Effects on Primary Outcomes of Adherence, SBP, and LDL-C
At the end of the study, 829 (86.3%) of 961 participants in the FDC group were continuing with indicated medications compared with 621 (64.7%) of 960 in the usual care group (unadjusted RR, 1.33; 95% CI, 1.26-1.41; P < .001) ( Table 2 and Figure 2A ). In absolute terms, this amounted to a 21.6% difference (95% CI, 17.8%-25.3%; P < .001) in treatment rates and a number needed to treat of 4.6 patients (95% CI, 4.0-5.6 patients). For each treatment mode, there was an increase in treatment rates after randomization of about 5% in participants in the usual care group who were prescribed additional individual medications and a larger absolute increase in the FDC group as a result of FDC initiation. In the usual care group, adherence to each treatment mode decreased slightly over time but remained higher than baseline at 18 months. At 1 month, use of indicated medications in the FDC group was 97.3% compared with 68.3% in the usual care group. The absolute difference between groups decreased slightly by 6 months and in the usual care group; P < .001) owing to improved adherence to antiplatelet and statin therapy (there was no difference in the proportion taking at least 1 BP-lowering drug at the end of the study [95.2% vs 95.9%]). A sensitivity analysis of the adherence definition was performed using 2 alternative definitions at the end of the study, one based on taking indicated medications on 1 day or more in the last week and another based on taking medications every day of the last week. The RR for adherence associated with the FDC group using 1 day or more was 1.33 (95% CI, 1.26-1.40) and the RR using 7 days was 1.41 (95% CI, 1.33-1.49). These did not differ from the RR using the definition of 4 or more days (RR, 1.33; 95% CI, 1.26-1.41). Table 2 shows mean differences in the changes in SBP and LDL-C using the primary analysis of covariance method. Overall, SBP (−2.6 mm Hg; 95% CI, −4.0 to −1.1 mm Hg) and LDL-C (−4.2 mg/dL; 95% CI, −6.6 to −1.9 mg/dL) levels were modest but significantly lower in the FDC group compared with the usual care group at the end of the study. Figure 3 shows changes over time and overall differences using a longitudinal generalized linear model. For this analysis, overall mean differences over time were −3.3 mm Hg (95% CI, −4.6 to −1.9 mm Hg; P < .001) for SBP and −5.3 mg/dL (95% CI, −7.5 to −3.2 mg/dL; P < .001) for LDL-C.
Adjusted models including randomized treatment, baseline value, country, history of CVD, age, and sex are shown in eTable 1 in the Supplement. Adjusted and unadjusted effects were similar for treatment effect estimates of SBP and LDL-C reduction. However, the adjusted effect for adherence was somewhat lower (RR, 1.13; 95% CI, 1.08-1.18; P < .001) than for unadjusted analyses as a result of a small baseline imbalance in use of antiplatelet, statin, and 2 or more BP-lowering agents and the effect modification for this variable (see below).
The effects of the FDC strategy on adherence, SBP, and LDL-C in prespecified subgroups defined by baseline characteristics are shown in Figure 4 and Figure 5 . The number of subgroups should be taken into consideration, and across the 3 coprimary end points, the only consistent effect modifier was whether patients were taking antiplatelet, statin, and 2 or more BP-lowering drugs at baseline. This was most marked for the adherence outcome, as it shared the same definition as the effect modifier. For the adherence outcome, effects were statistically significant in every subgroup but were quantitatively larger in patients at high estimated CVD risk (RR, 1.93; 95% CI, 1.51-2.47; P < .001), those with low baseline adherence (RR, 3.35; 95% CI, 2.74-4.09; P < .001), smokers (RR, 1.69; 95% CI, 1.42-2.02; P = .002), and those for whom their physician intended to use FDC version 2 (RR, 1.45; 95% CI, 1.32-1.59; P = .02). In terms of SBP reduction, treatment effects were larger in those without baseline adherence to indicated medications (reduced by 4.9 mm Hg; 95% CI, 7.3-2.6 mm Hg; P = .01) and in 
Effects on Secondary Outcomes
Creatinine, Glucose, and Other Laboratory Measures Creatinine increased in both the FDC and usual care groups between baseline and the end of the study (FDC, from 1.01 to 1.07 mg/dL; usual care, from 1.01 to 1.04 mg/dL) and the difference in this increase between the 2 groups was statistically significant (FDC − usual care, 0.03 mg/dL; 95% CI, 0.01-0.05; P = .002) ( Table 2 ). There was also an increase in uric acid in the FDC group (FDC, from 5.6 to 5.9 mg/dL; usual care, from 5.7 to 5.8 mg/dL) and the difference in this increase between the 2 groups was also significant (FDC − usual care, 0.2 mg/ dL; 95% CI, 0.1-0.3; P < .001). There were no significant differences between groups in the levels of sodium, potassium, alanine transaminase, aspartate aminotransferase, or glucose at the end of the study (eTable 2 in the Supplement).
Weight, Lifestyle Factors, and Quality-of-Life Scores
Weight, waist circumference, and body mass index did not change during follow-up and did not differ between groups at the end of the study. Self-reported time engaged in vigorous physical activity, participation in exercise programs, attendance at dietetic clinics, and participation in smoking cessation programs were also similar in both groups at the end of follow-up (eTable 3 in the Supplement 
Discussion
To the best of our knowledge, this was the first randomized trial to assess the long-term use of an FDC containing anti- platelet, statin, and BP-lowering drugs compared with usual care in patients with CVD. The results show that access to FDCs in patients with CVD or similarly high risk improved adherence, BP, and cholesterol levels. The reductions in BP and cholesterol level were small overall in this comparatively welltreated population but were larger in the subgroup not receiving all recommended treatments at baseline.
The trial had several strengths in terms of sample size, duration of follow-up, and completeness of data collection. However, there are several issues to be considered when interpreting results from adherence trials in general and this study in particular. The generalizability of these findings is limited. Participants were selected on the basis of being willing and able to attend study visits, so the recruited population is not nec- ; all 4 medication types). The end-of-study differences (FDC − usual care) were smaller for each class: statins, 2% (93% − 91%; P = .08); antiplatelet drugs, 1% (94% − 93%; P = .41), and 2 or more blood pressure (BP)-lowering drugs, 15% (89% − 74%; P < .001). Overall relative risk was obtained via repeated log-binomial regression using a covariance matrix with a compound-symmetry structure (panel A only).
Estimates combine all nonmissing values collected at months 1, 6, 12, 18, and 24. Model terms include treatment, month, and treatment × month interaction. Dashed lines indicate 95% confidence bands. 20 and there was a high level of reported adherence at baseline compared with the general population. 1 In a population with lower use of indicated medications, the effect of the FDC strategy might be greater, as suggested by results from the minority of individuals who were not taking indicated medications at baseline. In this group, randomization to FDC resulted in a 3-fold increase in adherence levels (77% vs 23%) and larger reductions in SBP and LDL-C. Effects were observed in a trial population of whom 82% initially reported use of antiplatelet, statin, and BP-lowering drug (s), whereas comparable combination treatment rates are around 50% in high-income countries and 5% to 20% in lowand middle-income countries. 1 Furthermore, improvements
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were observed compared with a usual care group in whom treatment rates increased initially and remained higher than baseline throughout the study, whereas adherence typically reduces over time. 21, 22 Limitations of the findings relate to constraints on the trial design. Regulations in India and in Europe mandate distribution of a trial treatment by the approved trial teams and also prohibit charging for prescription of trial treatments. Consequently, the FDC group received their treatment free of charge from the trial centers and other medications from their routine clinic or general practitioner attendances, whereas the usual care group received all of their medications via their routine clinic or general practitioner attendances. However, post hoc analysis comparing adherence between patients exempt from medication charges and those who were not exempt showed similar effects of the FDC strategy. Dispensing of medication also differed between the groups. The trial centers were advised to dispense the FDC as a 6-month supply, although in some circumstances in India, where cool storage temperature was a concern, 3-month supplies were issued. Routine prescribing and dispensing practices are varied in both India and Europe, with 3 months being the usual interval of supply. The net effect of the longer dispensing interval for FDC is uncertain, however, because the extended duration of supply was offset by the inconvenience of collection from the distant trial center as opposed to the neighborhood pharmacy. A large US trial recently showed that elimination of co-payments for core cardiovascular medicines improved adherence by about 5% in absolute terms, which is smaller than the treatment effect seen here. 23 This presents a potential bias favoring the FDC strategy. Adherence to medication is determined by complex interactions between health care systems and patients. Adherence may be defined as the extent to which a person's behav- ior (taking medic ation) corresponds w ith agreed recommendations from a clinician, and it is best assessed by a complementary approach using a questionnaire in tandem with objective measures. 24 There are several mechanisms whereby an FDC strategy may enhance adherence. These encompass ease of prescription, overcoming physician inertia, patient acceptability, packaged delivery, and ease of taking. This trial has shown that physicians are willing to prescribe an FDC to this group of patients by involving them in the trial, and at the end of the study more patients were taking the combination treatment. The self-reported assessment of adherence is substantiated by the changes in SBP and LDL-C. In terms of assessing potential risks, the trial was not designed to assess adverse effects of component medicines (such as effects on cough, uric acid, and creatinine), which have been established already, but rather assessed the potential risk of an FDC strategy to lead to suboptimal care. One expressed concern is that reduced choice of medications and doses and/or unfamiliarity with use of FDCs as background treatment leads to suboptimal risk factor control; however, this trial suggests that these issues were not sufficient to offset improvements in risk factor control brought about by improved adherence. The trial also demonstrated that this FDC strategy did not lead to deterioration in other key measures relevant to CVD control, such as smoking, weight control, and exercise, even when patients knew they were receiving an FDC. The rate per month of stopping the FDC was about one-fifth that seen in a previous placebo-controlled trial of treatment initiation with one of these FDCs, 4 in part because the current trial population had mostly been receiving the component medicines already. One potential concern is the stopping of all medicines if an FDC is stopped because of the adverse effects of 1 component, but this trial showed that separate medicines are routinely started instead. The trial did not identify an effect on cardiovascular events, but with only 85 events it had insufficient power to detect meaningful differences between groups. If beneficial changes in SBP, LDL-C, and aspirin use of the magnitude observed in this trial were realized in a similar population, it has been estimated that RR reductions of about 15% in coronary artery disease and stroke might be expected after a few years. 4 However, a clinical trial would need to observe more than 1000 events to reliably detect an RR reduction of 15%. 25 A 2002 joint report by the World Health Organization and Wellcome 8 recommended that evaluation of these products in the secondary prevention setting be principally based on bioequivalence (ie, studies showing that the FDC is bioequivalent to the separate components) and evidence of improved adherence (such as improved risk factor control, as seen in this trial), given the extensive evidence of clinical event reduction with the component medicines and drug classes, which has increased in the ensuing decade. [26] [27] [28] [29] [30] These results should be considered in the context of previous trials showing that FDCs improve adherence. [31] [32] [33] The results should also be considered in the light of other trials of antiplatelet, statin, and BP-lowering FDCs. [3] [4] [5] 34, 35 These trials had comparison groups of placebo or no treatment mostly with 12 weeks or less of follow-up and generally showed risk factor reductions of the size expected from individual medications, once dropins and dropouts are accounted for. 4, 34 This is the first trial to our knowledge evaluating FDC-based care over a prolonged interval in participants with established CVD or at similarly high levels of risk, among whom more than 40% of all cardiovascular events occur. 36 This targeted approach to a high-risk population contrasts with the population-wide treatment approach that some have advocated for the polypill. 12 These data suggest that FDCs could play a role in increasing uptake of statins, aspirin, and combination blood pressurelowering drugs in patients with CVD not currently receiving such treatment. Scaled-up access to core cardiovascular medicines is in keeping with national CVD prevention goals in India, Europe, and the United States 37-39 and could contribute importantly to World Health Organization goals for noncommunicable disease control.
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Conclusion
In summary, among patients with or at high risk of CVD, the use of an FDC strategy for BP, cholesterol, and platelet control compared with usual care resulted in significantly improved medication adherence at 15 months. Role of the Sponsor: The UMPIRE trial was designed and conducted by an investigator-led independent steering committee. Dr Reddy's Laboratories had a nonvoting member (Cidambi) on the trial steering committee who had a management role in the design and conduct of the study and reviewed the final manuscript. Neither the European Commission nor Dr Reddy's had any role in the collection, management, analysis and interpretation of the data; they had no role in approval of the manuscript or decision to submit the manuscript for publication. The European Commission had no role in preparation or review of the manuscript.
